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   Tetaine induced the lysis of Escherichia coli cells. Several di- and tripeptides were found 

to protect this cells against tetaine action. Certain peptides are able to diminish the inhibition 

by tetaine of diaminopimelic acid incorporation into peptidoglycan and the extent of this cor-

responds to the protection of the cells against the tetaine-induced lysis. The data indicate that 

tetaine enters E. coli cells predominantly by dipeptide permease and in part by one or more oligo-

peptide permease system. A number of di- and tripeptides diminished the inhibitory effect of 
tetaine on the incorporation of lysine into peptidoglycan of Staphylococcus aureus Oxford. In 

contrast to E. coil, tetaine seems to be transported into S. aureus by a single transport system.

   Tetaine, L-alanyl-L-,3-(2,3-epoxycyclohexanono-4)alanine, is a dipeptide antibiotic containing an 

epoxyaminoacid moiety. Tetaine is synonymous with bacilysinr'2> and bacillin3>. The antibiotic exhi-

bits broad antimicrobial spectrum including Gram-positive and Gram-negative bacteria','' and Candida 

albicaus'r. 

   We have established earlier that tetaine inhibits the synthesis of bacteria] cell-wall peptidoglycan in 

E. coli ' and S. aureuse> at early stage and that tetaine is transported into bacterial cells by a peptide 

carrier system'). In C. albicans tetaine inhibits mannoprotein and chitin synthesis and is transported 

in the same manner as in bacteria, that is, by peptide permease'r. 

   KENIG and ABRAHAM') later showed that bacilysin is a powerful inhibitor of the enzyme L-glutamine-

D-fi-uctoso-6-phosphate amidotransferase, glucosamine synthetase, EC 2.6.1.16. These authors have 

also demonstrated that the active inhibitor is not bacilysin itself but its C-terminal epoxyamino acid 

named anticapsin. Anticapsin is generated inside the cells due to hydrolysis of bacilysin by peptidases'). 

It is suggested that the activity of bacilysin depends on its transport into the susceptible organisms') . 

The free epoxyamino acid is not transported into bacterial cells and therefore is not active on intact 

cells'). Inhibition by tetaine (its C-terminal epoxyamino acid-anticapsin) of glucosamine synthesis 

resulted in bacteria in the inhibition of peptidoglycan formation accompanied by a bacteriolytic effect'). 

   These phenomena have been employed in our investigation on the transport of tetaine. Our aim 

was to provide additional evidence for the use by tetaine of peptide permease system. 

                              Materials and Methods 

   Tetaine was isolated and purified from filtrates of Bacillus pumilus strain "theta" in our laboratory'). 
   Peptides were obtained from Sigma, St. Louis, and from Nutritional Biochemicals Co., Cleveland. 

All procedures and experimental conditions are given in legends to Figs. and Tables. 

                                Results and Discussion 

   As shown in Fig. 1 A, in presence of tetaine the growth profiles of E. coli are similar to those with
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Fig. 1. Bacteriolytic effect of the antibiotic tetaine on growing cells of Escherichia coli K-12 strain 3000 Hfr 
   and its prevention by some peptides. 

       Cells growing exponentially in CGPY medium'') at 37°C were washed twice with prewarmed saline 
   and resuspended in 0.1 Casamino Acids (Difco)-Minimal Broth Davis (Difco) to an optical density 

   0.150 at 660 nm. After 15 minutes preincubation with shaking, appropriate concentrations of tetaine 
   and of tetaine with peptides in small volumes were added. Growth with shaking at 37`C was followed 

   by measurement of the optical density of the culture at 660 nm in Zeiss spectrocolorimeter. Growth 
   was expressed as Klett units.

A. Tetaine at 10- 160 ,fLM 

B. Tetaine, 80 ipM; Ala-Ala added at 1.0 to 7.5 rum 

C. Tetaine, 80 ECM; dipeptides at 5 mm 

D. Tetaine, 80'pM; peptides at 5 mM.

Time (minutes' Time (rinutes)

 L-AIa-D-Ala 
 D-Ala-L-Ala 
j D-Ala-D-A 1a 
 MAc-AIa-Ala

Time (minutes) Time (,rinutes)
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common cell-wall antibiotics. After the addition 

of the antibiotic, the cells continued initially to 

grow, though at reduced rate, followed by a 

rapid lysis. Tetaine caused growth inhibition 

without lysis only at the lowest concentration 

(10 pM). Time required for the initiation of cell 

lysis depended reciprocally on the antibiotic con-

centration and ranged from 30 to 15 minutes at 

tetaine concentrations from 80 to 160 (LM. Ad-

dition of Ala-Ala to a culture simultaneously 

with tetaine prolonged the time to lysis (Fig. 1B). 

This response depended on the concentration 

of the dipeptide. A clear effect was observed 

at 1 mm Ala-Ala, while at 7.5 mm Ala-Ala no 

lysis of E. coli cells was observed (Fig. 1B). As 

shown in Fig. 1C dipeptides in other than LL

Table 1. Effect of some peptides on the delay of the 

 onset of lysis of E. coli K-12 induced by antibiotic 

 tetaine.

 Tetaine at 80 /'M 
and peptides at 5 mm 

  Gly-Ala 

  Gly-Met 

  Gly-ILeu 

  G ly-Trp 

  Gly-Phe 

  Gly-Tyr 

  Gly-GlyOMe 

  Gly-GlyOEt 

  Ala-Gly 

  Ala-Leu 

  Ala-Tyr 

  Tyr-Ala 

  Tyr-Leu 

  Leu-Gly 

  Leu-Ala 

  Leu-Phe 

  Gly-Gly-Ala 

  Gly-Gly-Phe 

  Gly-Gly-Leu 

  Gly-Ala-Ala 

  Gly-Leu-Tyr 

  Leu-Gly-Gly

 Delay of time 
to lysis (minute)* 

     75 

     60 

     90 

     90 

     90 

     90 

     45 

0 

     105 

    150 

    135 
    165 

    180 

    120 
    165 

    180 

     15 

     15 

     30 

     45 

     45 

     60

* Time to lysis induced by 80 pM tetaine itself was 

  15 minutes. Experimental conditions were the same 

  as described in the legend to Fig. 1.

Table 2. The influence of peptides on the inhibition 

 by tetaine of incorporation of labelled amino acids 

 into peptidoglycan of E. coli K-12 strain 3000 Hfr 

  and S. aureus Oxford.

 Tetaine at 50 pM 
and peptides at 5 mm 

Tetaine 

and Gly-Ala 

     Gly-Pro 

     Gly-Tyr 

     Gly-Phe 

      Ala-Ala 

      L-Ala-D-Ala 

       n-Ala-L-Ala 

       n-Ala-D-Ala 

      NAc-Ala-Ala 

      Ala-Leu 

      Ala-Tyr 

      Leu-Ala 

      Leu-Tyr 

     Tyr-Ala 

      Tyr-Leu 

     Gly-Gly-Gly 

     Gly-Gly-Ala 

     Gly-Gly-Phe 

     Gly-Gly-Leu 

     Gly-Ala-Ala 

     Leu-Gly-Gly

 Inhibition of 
incorporation

 E. coli 
 K-12 
H-DAP 

  84 

  71 

  72 

  52 

  56 

  37 

  83 

  87 

  85 

  85 

  23 

  32 

9 

5 

  19 

7 

 82 

  71 

 65 

  57 

 44 

 40

S. aureus 
Oxford 
3H-Lys 

  76 

  59 

  57 

  45 

  48 

  39 

  71 

  78 

  74 

  76 

  22 

  35 

3 

4 

9 

7 

  64 

  42 

   24 

  28 

  22 

  12

 Cells growing exponentially in CGPY medium14> 
at 37'C were washed twice with prewarmed CWSM 
I tried ium14> and resuspended in the same medium to 
an optical density of 0.5 at 660 nm. CWSM I me-
dium for E. coli was supplemented with 5 jig/nil unla-
belled diaminopimelic acid and 100 jig/nil chloram-
phenicol; for S. aureus 5 i+g/ml unlabelled lysine, 
100 jig/ml glycine and 50 jig/ml chloramphenicol were 
added. After 15 minutes preincubation of tetaine and 

peptide were added. 2 pCi/ml 3H-diaminopimelic 
acid (specific activity 332 mCi/mmole) and 2 pCi/ml 
L-3H-lysine (specific activity 5.5 Ci/mmole) were 
added to the cultures of E. coli and S. aureus, respec-
tively. 
 After 60 minutes of incubation with shaking at 37'C, 
aliquots of 0.25 nil were taken into ice-cold 3 % per-
chloric acid. After 30 minutes samples were filtered 
through glass-fibre filters GF/C, filters were washed, 
dried and counted. Per cent of inhibition was cal-
culated in relation to control without antibiotic. In-
corporation into the control cells was 29,500 cpm; 
0.25 ml sample and 60,800 cpm/0.25 nil sample for 
E. coli and S. aureus, respectively.
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configuration can not protect the cells against the tetaine action; N-acetylated Ala-Ala is also ineffec-

tive. 

   Data from Fig. I D and Table 1 indicate that besides Ala-Ala a variety of other di- and tripeptides 

prevent the action of tetaine. In general, the peptides containing an N-terminal amino acid residue 

other than glycine are able to diminish the bacteriolytic effect of tetaine. Especially Leu-X peptides 

are highly effective. A number of tripeptides (except triglycine and trialanine) prevented the bacterioly-

tic effect of tetaine (Table 1), though they were less effective than dipeptides at the same concentration 

(Fig. ID, Table 1). 

   Data from the bacteriolytic studies are in accordance with the observation that certain peptides are 

able to prevent the inhibition by tetaine of diaminopimelic acid incorporation into peptidoglycan of E. 

coli. The results summarized in Table 2 are comparable with the lysis-preventing effects of peptides. 

Di- and tripeptides prevented to various degree the inhibitory action of tetaine. The best protection 

was exerted by the di- and tripeptides containing Leu in the N-terminal position. In general, tripeptides 

were less effective than dipeptides. 

   The above data indicate that the transport of tetaine in E. coli K-12 obeys the structural require-

ments for peptide transport in bacteria10', and tetaine enters the cells predominantly by dipeptide per-

mease and in part by one or more oligopeptide permease system. (The evidence for a multiplicity of 

oligopeptide transport system in E. coli is well known").) 

   Thus, our findings support those by DIDDENS and coworkers") who found by use of E. coli mutants 

with modified transport activities that bacilysin enters into the cells via dipeptide permease and in part 

via oligopeptide permease systems. 

   As shown in Table 2 numerous di- and tripeptides diminish the inhibitory effect of tetaine on the in-

corporation of labelled lysine into peptidoglycan of S. aureus Oxford. In contrast to E. coli a number 

of di- and tripeptides compete to the same extent with the action of tetaine in S. aureus. This indicates 

that all these peptides may share a single transport system in S. aureus. Also PERRY and ABRAHAM 

have shown that bacilysin is taken up by sensitive S. aureus NCTC 6571 using the only peptide transport 

system in this organism common for di- and oligopeptides13> 

   The above results enable us to draw the following conclusions: 

   1. Tetaine mimics dipeptides in entering bacterial cells via peptide carrier systems and is able to use 

both dipeptide and oligopeptide permeases. 

   2. Tetaine can be used as a probe for characterization of peptide transport systems in sensitive 

Gram-positive and Gram-negative bacteria. The simple tests can be based on the monitoring of te-

taine induced secondary effects (peptidoglycan synthesis inhibition and bacteriolysis) and their preven-

tion by peptides. 
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